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We measured the third-order nonlinear optical susceptibility y>) for C4, and Cyq solutions as a
function of concentration using degenerate four-wave mixing with picosecond pulses at 532 nm.
From the observed minimum we were able to obtain the real and imaginary parts of X(” The
real part is negative at this wavelength. Values of the real and i 1mag1nary components of the

molecular hyperpolarizability () calculated are in the range 107 Mg

Conjugated polymers are receiving much attention in
nonlinear optics' in view of potential applications. Buck-
minsterfullerenes are similar materials containing highly
delocalized electrons and so are also interesting candidates
in view of their expected high nonlinearity. Blau et g’
- studied dégenerate four-wave mixing (DFWM) in benzene
solutions of Cg with 50 ps pulses at 1.064 ym. The high
values of third-order nonlinearity they reported are conira-
dicted by Knize and Partanen® and Kafafi et al*® Hoshi
et al.® studied optical second- and third-harmonic genera-
tion in Cgy, films using a Nd:YAG laser as the fundamental
‘'source. Kafafi et al.® reported values of third-order suscep-
tibility y$iyy and molecular second hyperpolarizability ¥
for Cg films using DFWM at 1.064 pm with Nd:YAG
laser picosecond pulses. Talapatra ef ¢l.” theoretically cal-
culated the molecular second hyperpolarizability of Cg, by
the time-dependent coupled-perturbed Hartree-Fock ap-
proach. They measured ¥ of Cg, in benzene solution using
techniques of DFWM at 602 nm and optical Kerr gate at
620 nm with femtosecond pulses. Zhang et al® studied
third-order nonfinearities of Cg and Cyy using time de-
Jayed DFWM with 30 ps pulses at 532 nm. In their mea-
surements of y*’ versus concentration in toluene solu-
tions, though they observed a minimum for Gy, they were
not able to obtain the real and imaginary components.
They could not observe the minimum of y** for Cy, solu-
tions perhaps due to lack of more detailed data in the low
concentration regime.

In this communication we report expenmenta! mea-
surements of the third-order nonlinear optical susceptibil-
ity ¥ for Cg and Cq solutions in several solvents as a
function of concentration. From the observed minimum we
were able to obtain the real and imaginary parts. The Cg
and Cy purchased from Materials Electrochemical Re-
search Corporation are quoted to be at least 99% pure.
The optical absorption spectra are shown in Fig. 1. Values
of ¥y* are measured using the technique of DFWM at 532
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nm with 25 ps pulses obtained from a frequency doubled
Nd:YAG laser, The vertically polarized output is split into
three beams, which are temporally and spatially over-
lapped in the sample contained in 2 mm cuvettes. Full
details of the experimental technique are described in an
earlier publication.’ Following standard procedure, y’
values for the solvents are obtained by comparison with
measurements on a reference sample CS, of the same
length under identical conditions. In the case of Cgy Cqg
solutions, the solvent itself is used as the reference. The
phase conjugate signal studied -as a function of incident
intensity showed the cubic dependence characteristic of a
third-order process for the intensities {maximum of 0.1
GW/cm?*) and the low concentrations used in the experi-
ment.

The second hyperpolarizability () of a molecule in:
isotropic media is related! to third-order macroscopic sus- h
ceptibility by the equation’.
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FIG. 1. Optical absorption spectrum for 101077 g/ml solutions of Cw
and Cy in tolucne 99% pure.
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9 I the visible region of the spectrum, we assume the imagis
A nary component to be zero as was also done by Talapatra
7 .
al_ 0 Cu _ et al.’ So we have :
aC | (3) . _ L4{( N, 4 N. 4 )2
e Xsolutlonl__ solventysolve_nt‘i' solute} solute
7 - ’ — L . :
»” 2
+ (Nsﬂluteysolute) ]1/2' . (3) '
s 85 7 If N, solventT;(.leent = —N, soiutéysolute (the contribution of the .
F4 real parts due to solute and solvent cancel each other),
H sl a | v % ion | has a minimum value given by
o
; A IXsolunonlmm L N, so!utc?’solute |Im Xsoiutwnl (4)
> o N For an interesting case of this type we can. obtain both
Re ¥ 3 ion and Im xsoluuon from the observed minimum in '
3h A _° - “the plot of y{ion versus concentration. ¥
The results are illustrated in Fig. 2 for Cg and Cyp °
2 f "Q' ] solutions in toluene. Values of real and imagingxry parts of-
npq% o° xégl)mm for the appropriate concentration where the mini- -
mum is observed are listed in Table I. The real and imag-
Tn 1 inary components of {(y) obtained from these values are .
also shown in the table. The experiments for Cg, are re-
o — 1(')0 peated with different solvents and the results are also listed -
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FIG. 2. Concentration dependence of | )(mlum,“[ of Cw and C-,Q. in tohzene.
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where N is the number dens1ty of molecules cm™ L is the
local field correction factor given by (N?42)/3, where 7 is
the index of refraction. For dilute solutions of noninteract-
ing particles assuming a pairwise additive model,? we may
write

X s(cgalimor; - L (N so]vent?’solvent +N soluteYsolute) » (2 )

where Nsoivem, Nsome are the number densities of molecules
of the solvent and solute,

In general X(a} and y are complex and consist of the
real and imaginary components for both solute and sol-
vent. The real part, which can be either positive or negative
contributes to the nonlinear refractive index while. the
imaginary part is responsible for nonfinear absorption. In
the case of most organic solvents, which are transparent in

in the table.

It may be seen from the table that the values of (v )'
and {y"”) obtained from measurements on different sol- -
vents for Cy, are in approximate agreement. The real com-
ponents of Cgy and C,, are negative at this wavelength
(assuming y'%,.,>0). The sign is an important parameter -
for many nonlinear optical applications. '

Considering the wavelengths at which the expenments o

are carried out, our values of {y) for Cg, are in line with
Talapatra et al.” and Kafafi et al.® Kafafi et al. reported y
for Cg thin films as 3¢ 1073 esu at the off-resonant wave-
length 1.064 ym. Talapatra et al.’s values at 602 nm wave-
length for ¢ of —5>10~* esu and 7" of 910~ esu are
larger, perhaps due to resonant enhancement. Our values
for Cgy at 532 nm are even greater for the same reason as
we are approachmg the absorption peak.

Zhang et al’ s° value of yyyy, for Cgo at 532 nm of

- 1.6 10~ esu is approximately two orders larger than our

value, Similarly, their value for Cy of 6.0 107% is about

three orders larger than our value. If we consider the dif- -
ference in their polarization scheme, the disagreement is
even more. Looking at the linear absorption coefficient «,
we find their value for C; solution about seven times larger
and for Cqy about 20 times larger compared to our values

TABLE L. Values of real and imaginary parts of third-order susceptibility and second hyperpolarizability for Cyy and Cy,

Concentration
for min. Re Xs(gl)uliou EIm Xgllltianl T s
| vBhion| at min. at min. _ (Y . Hrmy |
Solute Solvent (10~% g/ml) (1071 esu) (1071 esu) (1073 esu) (10~ esu)
Ceo toluene . .. 12.5 —17 - 14 —-40 . 3.3
Cop benzene 103 —14 12 -39 35
Ca styrene : 12.0 —16 : 12 —3.4 2.9
Can xylene 11.0 11 S ol ~30" : 22
Cr © toluene 46 ~1.7 ' 0.9 —13.0 . 73
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FIG. 3. Time dependence of the degenerate four-wave mixing signal of a
2.53 1072 g/ml solution of Cg, in toluene. All four beam waves have the
same polarization.

for approximately the same concentrations. (OQur values
for o are a=1.16 cm ™! for a 0.25 mg/ml concentration of
Cg in toluene, a=1.25 cm_1 for a 0.035 mg/ml concen-
tration of Cy, in toluene.)’ : :

For a solution with a concentration of 0.33 mg/ml we
obtain a figure of merit ¥**/a of 2.9 10" for Cg, and

2.0x 107 esu em for Cyo. The value obtained for a Cgp -

thin film sample, approximately 10~'%, by Kafafi ez al’ is
appreciably larger, although their measurements are at the
off-resonant wavelength 1.064 pm.,

Time resolved measurements of the phase con_]ugate
signal with all four beams of the same polarization for both
Cyo and Cy indicate a slow component with decay time
much longer than picoseconds. The time evolution of the
phase conjugate signal for a 2.53 mg/ml solution of Cg; in
toluene is shown in Fig. 3 as a function of backward pump
delay for the case of all beams with the same polarization.
The results indicate a decay time longer than 400 ps, which
is the maximum delay that can be introduced in our ex-

perimental setup. Qur observations of the time response of |
the phase conjugate signal for crossed. polarization of the-

backward pump are similar to the previous case (except
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ulation grating probably due

mentioned that a yalie of about. 650 ps for
of the singlet state is report - Sension ef al 1 fre a
study of transient’ absorption. spectra of" suml fullerene
solutions. More detailed studies are i progress to dehneate o
the origin of the optical nonlinearities." _ o

In conclusion, we employed a sunple method of ob- o
talnmg the real and imaginary parts of the molecular see-
ond hyperpolarizability (y} for Cg and Cy, from solution
measurements of y** as a function of concentration. The
real component is found to be negatwe at 532 nm wave-
length.
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